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MATERIALS AND METHODS 
Strains ►S.aureus IIM 222 and IIM 240 were isolated from food processing plants, whereas S. aureus DPC 5246 was obtained from DPC Culture Collection. The latter had been originally isolated from 
bovine mastitis. 
 
Bacteriophage propagation ► Phage K was routinely propagated in early-exponential phase cultures of S. aureus DPC 5246 in tryptic soy broth (TSB). Phage was added at a MOI ranging from 
0.001-10. 
 
Bacteriophage concentration and titration ► Lysates were concentrated by polyethylene glycol precipitation following Sillankorva and Azeredo (1). Phage titer was determined by the double agar 
layer method. 
 
Biofilm formation ► Biofilms were formed on sterile AISI 304 stainless steel coupons (10x10 mm) at 25 °C according to Vázquez et al. (2). AISI 316 stainless steel was used for microscopy. 
Phage treatment of biofilms ► 24 h-old biofilms were challenged with phage K for 24 h at 25 °C. The effect was monitored by counting the number of viable biofilm cells after treatment.  
Treatment of planktonic cells with phage ► Aliquots of 500 µl of phage suspension were mixed with 500 µl of overnight liquid bacterial cultures -adjusted to ~108 CFU/ml- and left at 25 
ºC at 70 rpm. Viable cells were counted on TSA plates after 24 h exposure. 
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Figure 1. Effect of the phage against 24 h old biofilms 
of S. aureus DPC 5246 after treatment at 25 ºC for 
24 h. Each point is the mean of at least three 
independent experiments. Error bars represent 
standard error of the mean (SEM).  
 
BACKGROUND ►Staphylococcus aureus is a relevant bacterial pathogen occasionally present in the food industry, where it can form biofilms which can be difficult to be 
removed. 
 
OBJECTIVE ►The potential of phage K against biofilms formed by S. aureus in the food industry was assessed. Two sensitive strong-biofilm former strains were challenged 
at a wide range of multiplicity of infection (MOI). 
Fluorescence microscopy ► Biofilms were stained with a LIVE/DEAD Bac-Light bacterial viability kit after exposure to phage during 24 h and then visualized by a fluorescence microscope 
(Leica 6000DM). 
Figures 2-3. Effect of phage K against biofilms of S. 
aureus IIM 240 (upper) and IIM 222 (lower). 
Meaning of data and error bars are referred in Figure 1.  
2. Effect on planktonic cells  
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Figures 4-6. Effect of phage K on planktonic cells 
of S. aureus DPC 5246 (upper), IIM 240 (middle) 
and IIM 222 (lower). Meaning of data and error 
bars are referred in Figure 1.  
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Effect on biofilms. Phage K was highly effective against biofilms at MOIs > 3, but had no 
effect at lower MOIs. However, a sub-population of remnant cells still survived at MOI 30 in all 
cases. On the contrary, no viable cells were detected at MOI 1000 in host strain, which also 
forms weaker biofilms than IIM strains. Studies on the effect of very high MOIs (> 100) on the 
removal of strong biofilms are on course. Alternatively, the effect of phage K on planktonic 
cells -much more sensitive- was examined (Figures 1-3). 
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Fig. 4 
Effects on planktonic cells. Unlike biofilms, planktonic cells were highly susceptible to 
phage at all MOIs. Only slight differences were found for each IIM strain in the whole range of 
MOIs tested (about 1-2 log cell reduction), with a sub-population of remnant surviving cells. 
The dose-response pattern was notably different for DPC5246, and complete removal of cells 
was achieved at MOI 30 (Figures 4-6). 
Phage K seems to be useful to biocontrol Staphylococcus aureus biofilms in the 
food industry. Two issues have been however found to restrict such use: 
  
1. A high MOI is needed to achieve a significant effectiveness. Strategies that help 
reducing effective MOIs are needed. Phage cocktails have been proposed, but a 
limited effect has been achieved so far. 
 
2. A sub-population of remnant cells survived even under high MOIs (enough for 
infection of all cells), except for the host strain. Whether resistance can actually 
emerge should be a matter of further study. * Corresponding author: juanherrera@iim.csic.es 
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Fluorescence images of biofilms were consistent with cell counting. Remnant cells could be 
also seen. A much lower cell density was observed for phage-treated biofilms due to cell lysis 
and consequent washing out of DNA. 
NON-TREATED BIOFILM - IIM 240  TREATED BIOFILM - IIM 240 (MOI=30)  
